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T caching children about plants and the environment should be of concern to horticultural educators at all levels. Many attitudes are established, and are difficult to later change, by the time a student reaches high school (Jaus, 1984; Linsky, 1971; Tourney and Tesconi, 1977) . Researchers suggest that early exposure to environmental concepts may help children develop positive attitudes and a solid knowledge base with respect to the plant sciences. Elementary school children are thought to be incapable of complex abstract thought (-Booth et al.,1982; Inhelder, 1970; Matthai and Deaver, 1976; Smith and Nagel, 1972) . Therefore, the use of sensory and hands on activities has proven to be an excellent didactic method.
Field trips to botanic gardens and similar institutions have great teaching potential, because they emphasize participatory activities (Danilov, 1976; Whittlin, 1970) . Unlike in elementary school, where the primary goals are textbook learning and the acquisition of quantifiable skills, a public garden's main educational objective is to stimulate interest. A student's first exposure to public garden education often occurs when attending with their school group for a class or tour. In many cases, children are exposed to a single garden visit during their primary education (Pitman-Gelles, 1981) . This limited exposure is disappointing, since field trips have been found to be the single most important factor in developing positive attitudes toward plants and the environment (Klepper, 1990) .
Before 1991 enrollment in college level horticulture programs had dropped sharply during the previous decade (Couvillon, 1991) , despite expanded efforts to recruit high school students (Gwynn and Thompson, 1990; Jackson, 1992) . Of currently enrolled students in agriculture colleges, over fifty percent mention handson experiences when young as a major influence on their enrollment decision (Christmas,, 1990) . It is clear that nonformal teaching methods, emphasizing participatory activities, must become a more heavily utilized component of elementary school education if children are to gain a life-long interest in "the plant sciences.
Educational programs that emphasize hands on experiences with plants, like those at botanic gardens, have typically received little evaluation and commendation. Limited finding resources available for nonprofit institutions may be responsible for this omission. The objective of this research was to evaluate the impact of Missouri Botanical Garden's environmental education programs upon attitudinal and knowledge changes of elementary school children. It is hoped this data could be used to argue for additional plant science childhood education funding.
Two classes offered for second and third grade students at Missouri Botanical Garden were selected for evaluation. The first, "The Water Cycle: Making a Terrarium", describes the water cycle and requires students to construct and maintain a terrarium for at least one month. The second, "The Tropical Rainforest", describes characteristics of the tropical rainforest and requires students to propagate and subsequently plant stem cuttings of tropical species. Instructional methods of presentation varied for each class. Both classes utilized discussion and hands-on activities. The Water Cycle: Making a Terrarium class, however, incorporated video as an additional instructional medium. Primary school children comprising across section of the St. Louis area made a single, school sponsored visit to one or the other class. The two classes that the children attended were, for purposes of this study, evaluated as separate experiments.
Questionnaires were administered to students 7 to 10 days before and following participation in the classes. There were ten attitudinal questions, composed of two types. The first group, designed to evaluate attitudes toward interaction with plants and the environment, consisted of five questions. A sample question within this group was: "When I grow up I would like to work with plants." The second group of five questions was designed to evaluate attitudes toward learning about plants and the environment. A sample question within this group was: "I want to learn more about plants and the environment. " An additional five questions were designed to evaluate the children's knowledge base. Attitudinal questions were the same for both classes; knowledge questions differed depending on the material covered within classes.
Question content and vocabulary were reviewed for appropriateness by three elementary school teachers and a curriculum and instruction professional. Questionnaire validity was examined by an educational psychology professional. In addition, preliminary pilot studies were conducted to ensure that students understood questionnaire form and content. A teacher questionnaire was used to assess, in a qualitative sense, the overall impact of the classes upon students.
For both experiments, the treatment and control groups consisted of students who, respectively,. attended or did not attend classes from within the same schools. The treatment set in The Water Cycle: Making a Terrarium class included 35 males and 37 females; the control group consisted of 31 males and 40 females. The treatment set in The Tropical Rainforest class included 31 males and 31 females; the control group consisted of 33 males and 25 females.
Data collected from students in treatment and control groups were analyzed by subtracting pre-questionnaire means from post-questionnaire means. Responses which indicated a favorable attitude toward or correct knowledge of plants and the environment were scored as one, and other responses as zero. Data of this type cannot be assumed to fit a normal distribution and, therefore, treatment and control means were compared via the non-parametric Wilcoxon signed rank test (Hinkle et al., 1988) .
Results indicate that neither of the classes had a significant effect upon male or female children's attitudes towards interacting with plants and the environment (Tables 1 and 2 ). This lack of effect maybe attributable to the novelty of the subject matter rather than to any inherent failure of the classes. It is likely that attitudes toward interaction would become more positive if students made repeated visits to the gardens. Recurrent field trips involving the same subject matter produce the best results in young children (Falk, 1983) .
The Tropical Rainforest class had no effect upon student's attitudes towards learning about plants and the environment (Table 2 ). However, The Water Cycle: Making a Terrarium class did have a significant effect upon males (P< 0.05), females (P < 0.01), and the two sexes combined [(P < 0.01 ); Table  1 ]. The difference between classes with respect to attitudes toward learning may be related to subject matter and instructional methods. Some topics are more recognizable to children than others, and may have a stronger influence upon the development of attitudes (Armstrong and Impara, 1991). In addition, discussion and video are the two most preferred methods of instruction by students (Tamir, 1990) .
Both classes had a highly significant effect (P < 0.01) on knowledge gain of males, females, and the sexes combined (Tables 1 and 2 ). Research suggests that, per unit time, children learn more in nonformal settings than in traditional classrooms. To obtain maximum benefit from field trips the physical setting of activities must be directly relevant to the subject matter covered (Falk,1983) .
Comparisons of male and female students in both classes yielded no difference between the sexes in their attitudes toward interaction with, or learning about, the environment. In addition, results indicate no difference in knowledge gained between male and female.
Questionnaires received from the children's elementary school teachers revealed that classes at Missouri Botanical Garden were considered to be educational for students. Post-trip activities included discussion of the children's experience, along with continued observation of plants and terrariums received at the garden. Teachers noted that children responded most favorably to the participatory activities in which they were involved, and following class participation that children's level of awareness concerning plants and the environment increased.
It is evident that field trip activities of this type can influence the development of children's attitudes and increase the acquisition of knowledge. Such programs have the potential to instill a horticulture awareness in children that may eventually influence choice of college studies, career decisions, and recreational activities. Further research is needed to determine how to maximize the effectiveness of this type of experience, and horticultural educators should be encouraged to conduct additional studies. The challenge is to develop appropriate curricula for nonformal settings that will have a positive horticultural influence on young children.
